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ABSTRACT 

USNS BARTLETT dropped 152 expendable bathythermographs (XBT) in the western 

Alboran Sea during 6-18 October 1982 as part of an international oceanographic 

research project entitled iDonde Va?. The XBT data were taken to obtain synoptic 

temperature sections across the inflowing Atlantic Jet and the Alboran Gyre, and 

in the Strait of Gibraltar. XBT data were also used to increase the resolution 

of standard hydrographic (CTD: conductivity-temperature-depth profiler) sections. 

A plot of temperature versus depth for each XBT drop to 200 dbar (temperatures 

below 200 dbar were nearly constant) is shown. 
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EXPENDABLE BATHYTHERMOGRAPH (XBT) MEASUREMENTS IN THE 

WESTERN ALBORAN SEA, OCTOBER 1982 

1. Introduction. The XBT data reported here comprise a portion of an 

international scientific investigation of the interactions of mesoscale flow in 

the Alboran Sea with inflow through the Strait of Gibraltar. The title adopted 

for the multinational program is iDonde Va?; NORDA's portion, sponsored by the 

Office of Naval Research, is entitled, "Mesoscale Flow Dynamics in the Strait of 

Gibraltar and Alboran Sea." 

The second of two iConde Va? field periods occurred during October 1982 when 

four ships, four aircraft, shore-based radar, and shore-based meteorological 

stations cooperated in an intense measurement effort. As one part of this effort 

USNS BARTLETT dropped 152 expendable bathythermographs (XBT). This note presents 

the XBT data. 

2. Cruise Plan. The cruise plan had six objectives: 

• Recovery of five current meter moorings that were deployed in June; 

0 CTD (conductivity-termperature-depth profiler) and XBT sections across 

the jet and gyre; 

• Velocity profiling sections across the jet and gyre; 

Time-series CTD and velocity profiles to investigate tidal phenomena; 

Obtain meteorological data (especially airsondes); and 

• Obtain aerosol concentration data. 

The XBT data (Fig. 1) were obtained to increase the spatial resolution of the 

thermal field between CTD stations, and to obtain rapid measurements 

(nearly-synoptic) of the thermal field. Additionally, XBT's were occasionally 

dropped individually for a variety of purposes. The XBT's were used to increase 

resolution along hydrographic lines near Gibraltar, between Cape Akaili and 

0 



Marbella, between Point Jagerschmidt and Malaga, and west of Alboran Island 

(Fig. 2). Rapid XBT (only) sections were obtained south of Malaga (133-157, 

Fig. 3), south of Estepona (276-290, Fig. 4), and in the Strait of Gibraltar 

(302-342, Fig. 5). The CTD sections were designed to cross the historical posi- 

tion of the jet and anticyclonic gyre (Cano and Castillejo, 1972; Lanoix, 1974; 

Cheney and Doblar, 1982; and Philipe and Harang, 1982). We also monitored 

satellite imagery provided by M. Philipe of the Centre de Meteorologie Spatiale, 

Lannion, France, and processed at NORDA by P. La Violette, and used a numerical 

model of the circulation (Preller and Hurlburt, 1982) to aid in the selection of 

locations. Preliminary results from a June cruise (Kinder et al., 1983) also 

influenced track planning. The final XBT section through the Strait of Gibraltar 

was designed to sample the rapid fluctuations that are tidally excited within the 

Strait (Lacombe and Richez, 1982). 

3. Measurements. The XBT data acquisition system used during iDonde Va? was 

developed by the Ocean Technology Division of NORDA. It is designed to collect, 

condition, record, and graphically present a digital temperature time series 

obtained from the probe-measured analog signal. 

The system hardware consists of: 

1) the XBT launch apparatus, 

2) electronic circuitry to amplify and condition the temperature sensor 

signal, I 

3) an analog-to-digital   converter, 

4) a small computer (controller) used to control data collection, apply • 

temperature calibrations, record the digital data, and plot the results. 

A more complete descripcion of the hardware system is given by Holland et al . 

(1980). 



Controller software used during Donde Va? was written by the Physical 

Oceanography Branch of NORDA. It provided for the collection of discrete 

temperature data from SIPPICAN T-7 XBT's at a sampling frequency of 20 

samples/sec (50 msec/sample), over a period of 2.5 minutes (corresponding to 

approximately 950 meters of depth). The system was adjusted to deliver 

temperature resolution over the range of 4°C to 30°C. Immediately following each 

XBT drop a digital data file consisting of select cruise information, time and 

date of the drop, position of the drop, and the calibrated temperatures was 

recorded on tape. Plots of temperature vs. depth were generated for both logging 

of the raw data and monitoring of system performance. 

The full temperature range of 4°C to 30°C is represented digitally by 2000 

discrete values; hence a system least significant bit resolution of 0.013°C 

(0.005%). Tests conducted on the system, excluding the temperature probes, 

indicated an accuracy within 0.003°C, i.e. within resolution limits. SIPPICAN 

T-7 probes are reported to have a temperature accuracy on the order of +0.1°C. 

Another potential source of temperature error is due to the thermistor 

equilibration response time, SIPPICAN Corp. reports a time constant of 100 msec 

for T-7 probes. 

An empirical formula relating XBT depth to elapsed descent time 

(Perkins, 1980) has been used for some time by the Physical Oceanography Branch; 

it appears to yield reasonable probe depths when compared to coincident CTD 

casts. The operational implementation of the XBT depth-time relationship is as 

follows: 

Z(t) - 6.427t - 0.00025t^ 

with: Z(t) = depth of probe in meters at time t 

t = elapsed time in seconds since probe release. 

No estimation is currently available regarding the accuracy of the depth-time 

formula. 



4. Navigation. Station positions were determined by a combination of radar and 

visual lines of position near land, and by satellite and Omega farther than 20 km 

or so from land. Omega fixes had large biases, and were corrected to the closest 

(in time) satellite fix. Visual and radar fixes are estimated accurate to better 

than 0.5 km; satellite fixes to 0.5 km; and Omega fixes to 2.0 km. The estimate 

for Omega is conservative, and Omega was often stable for long periods and thus 

more accurate. The relative spacing accuracy of stations fixed by Omega is 

probably better than 1.0 km. 

5. Discussion. Each XBT profile is plotted as temperature vs. depth (Figures 

6-152), except for three XBT failures and two data logging errors (Table 2). 

Some of the plots show questionable aspects of the data (e.g. the high wavemaker 

jiggle in the station 101 profile. Fig. 6), but all seem to have some useful 

information. 

The plots range from 0-200 m and 12-23°C. Below 200 m the temperature 

changes are small, approaching the accuracy of the temperature probe (0.1°C). 

Although the T-7 XBT's used have a depth range greater than 700 m, the important 

and clearly measurable temperature differences occur within the upper 200 m of 

the Alboran Sea. In this regard, the deepest temperature provides a crude test 

of XBT performance. At 200 m the temperature should always lie between 13°C and 

14 C: in June 1982 hydrographic data from the northern half of our study region 

the 200 m temperature had a range of 13.11°C to 13.68°C. 

Many stations in the southern half of the area had a thick (up to 50 m) and 

warm (>21 C) surface mixed layer overlaying a strong thermocline (e.g. Station 

109, Fig. 10). In the northern half of the area, the mixed layer was typically 

much thinner and cooler (e.g. Station 133, Fig. 21), or non-existent (e.g. Staton 

289, Fig. 110). The vertical temperature differences were smaller and the 

thermocline typically much weaker. These features are a direct consequence of 



the near-geostrophic balance of the inflowing Atlantic Jet and the Alboran Gyre, 

which requires that the isopycnals (and thus isotherms) slope upward from the 

center part of the Sea (center of the Gyre) toward the Spanish Coast (crossing 

the eastward flowing Jet and Gyre). Flow is weaker toward the Moroccan Coast, 

thus the isotherm slopes are less from the center southward. Gallagher et al. 

(1981) have aptly called the shallow thermal structure a warm bowl, with the 

center coincident with the gyre center. 

Some of the profiles also show thermal finestructure, either discrete layers 

of constant temperature water (e.g. Station 149, Fig. 37) or temperature 

inversions (e.g. Station 119, Fig. 14). Similar finestructure is visible in the 

CTD profiles from June (Kinder et al., 1983) when the temperature inversions were 

density-compensated or nearly so. 
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Table 1.    Station positions 

Cast numbers appear in the form SSSCCC where SSS is a three digit number that 

corresponds to a geographic location (station number) and CCC is intended to be a 

three digit number that is consecutive throughout the cruise ("cast number"). At a 

time series station, only one number is assigned to the entire suite of data which 

may consist of many profiles (yo-yos). Anomalies: 

010010 refers to both a velocity profile and XBT 

SSS 227 - SSS 266 were skipped by mistake 

Many cast numbers were assigned to sensors other than XBTs. 

DR - dead reckoning (no fix within 15 minutes) 

S - satellite fix 

0 - Omega fix 

R - radar fix 

V - visual fix 
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Table 2.    Data problems 

STATION 

111037 

111038 

121048 

157085 

206140 

PROBLEM 

XBT Failure 

XBT Failure 

XBT Failure 

Data tape overwritten (Operator error) 

Data tape overwritten (Operator error) 
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Figures 6-152.    Temperature vs.  depth for 

XBT Stations 101-342 
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